Our research aim was to investigate the quantitative composition of neochlorogenic acid, chlorogenic acid, rutin, hyperoside and isoquercitrin in leaves and fruit of introduced rowan plants to Lithuania using a HPLC method. In leaf and fruit samples, quantitative estimation of neochlorogenic acid (in leaf samples 1.11-11.49 mg/g, in fruit samples 0.93-5.43 mg/g), chlorogenic acid (in leaf samples 2.74-21.91 mg/g, in fruit samples 0.55-7.50 mg/g), rutin (in leaf samples 0.03-4.88 mg/g, in fruit samples 0.02-0.39 mg/g), hyperoside (in leaf samples 0.15-7.44 mg/g, in fruit samples 0.02-1.19 mg/g) and isoquercitrin (in leaf samples 0.75-5.24 mg/g, in fruit samples 0.02-0.65 mg/g) was performed. In leaf samples, the total content of identified phenolic compounds ranged from 7.18 to 35.74 mg/g. In fruit, raw material total content of neochlorogenic acid, chlorogenic acid and identified flavonoids varied from 2.24 to 11.19 mg/g. Comparison of raw material samples of Sorbus species according to their quantitative composition of identified phenolic compounds using cluster analysis singularized S. commixta leaf and fruit samples. These contained the highest contents of chlorogenic acid, hyperoside and isoquercitrin, but also the lowest contents of neochlorogenic acid and rutin. The highest contents of neochlorogenic acid were recorded for S. lancifolia leaves, and of rutin for S. anglica leaves.
The genus Sorbus L. (rowan), family Rosaceae, includes 100-250 species of trees and shrubs [1, 2] . The genus is widespread and is characterized by high biodiversity. Various rowan species are used for food and as a source of medicinal raw plant material. S. aucuparia L. fruits are the source of carotenoids, ascorbic acid, and tocopherols; they are used in the manufacture of herbal products and were included in the XI pharmacopoeia of Russia [3] . Fruits, inflorescences and leaves of S. aucuparia are used in the manufacture of food supplements. Other Sorbus species are being studied by various research groups. It was found that S. domestica L. fruits could be used by patients with diabetes as an additional means of reducing blood glucose levels [4] . Bark of S. americana Marsh. can be helpful in reducing the risk of developing the complications of diabetes [5] . S. decora L. extracts in vivo possess blood glucose-lowering and insulin sensitivity-increasing effects [6] . Aqueous and ethanolic extracts of S. commixta Hedl. bark suppress inflammatory processes, have NK-κB inhibitory properties and, therefore, could be useful in patients with asthma and such inflammations as bronchitis and gastritis [7, 8] . Ethanol extracts of S. commixta bark have photoprotective effects [9] . Experiments with rats pretreated with methanol extracts of S. commixta cortex revealed antitoxic effects of the extracts [10] . It was found that methanol and butanol extracts of S. commixta cortex have vasodilating properties [11, 12] , while methanol extracts have antiatherogenic effects [13, 14] .
Biological activity of raw plant material and its manufactured products depends on the compounds present in their composition. It has been determined that the content of phenolic compounds present in raw plant material positively correlates with its antioxidant activity. Phenolic compounds inhibit the development of chronic diseases, as characterized by their anti-cancer [15] and anti-inflammatory [16] effects, their inhibition of fat peroxidation and platelet aggregation [17] , and their ability to decrease capillary permeability and fragility. These are the reasons for particular interest in the accumulation of phenolic compounds in plants, as well as research on the quantitative composition of these compounds. In the course of research carried out in various countries, analysis of the phytochemical composition of Sorbus species has been performed; phenolic compounds have been identified and quantified; however, information on the possible variation of phenolic compounds is insufficient. The phytochemical composition of raw plant material of Sorbus species growing in either natural habitats or collections in Lithuania has not been investigated, although S. aucuparia is commonly distributed in natural habitats of the country and botanical gardens, and arboretums possess considerable collections of Sorbus taxa.
Our research aim was to investigate the quantitative composition of phenylpropanoids (neochlorogenic acid, chlorogenic acid) and flavonoids (quercetin derivatives rutin, hyperoside and isoquercitrin) in leaves and fruits of introduced rowan plants using a HPLC method and to determine those Sorbus species and varieties either accumulating higher contents of biologically active compounds or those characterized by a specific phytochemical composition. The research results will serve to detect the most promising rowan species and varieties for cultivation in Lithuania or areas with similar climatic conditions in terms of active substances; to ascertain the potential of the raw material of these plants for food supplements, and for medicinal products manufacturing.
Several groups of scientists have been engaged in studies on the composition of flavonoids and other phenolic compounds in raw plant material of Sorbus species. Zapesochnaya investigated the qualitative composition of S. tianchanica Rupr. and identified hyperoside [18] , isoquercitrin and chlorogenic acid [19] [22] ; using a HPLC-UV method the amount of quercetin (63 mg/kg) was determined [23] . Baltacioğlu et al. studied the quantitative composition of quercetin glycosides (rutin, hyperoside and isoquercitrin) in S. aucuparia fruit [24] . Termentzi et al. analyzed phenolic compounds in S. domestica fruit samples using a LC-DAD-MS (ESI+) method, determined their quantities, and found that phenolic acids are accumulated in higher amounts than flavonoids [25] . Olszewska et al. studied leaves, inflorescences and fruit of Sorbus species growing in Poland and quantified the contents of flavonoids, proanthocyanidins and caffeoylquinic acid [26] [27] [28] [29] [30] . Experiments showed that total contents of flavonoids, quercetin and chlorogenic acid recorded in extracts of Sorbus plants strongly correlate with antioxidant capacity [31, 32] .
We have identified neochlorogenic acid, chlorogenic acid, caffeic acid, rutin, hyperoside, isoquercitrin and astragalin. Earlier studies showed that some species of Sorbus contain protocatechuic acid and p-coumaric acid [25, 33, 34] . In our investigation, these acids were not identified; the presence of avicularin was checked, but the result was negative. Not all leaf and fruit samples of the tested Sorbus species contained caffeic acid and astragalin. In samples containing both of these, only negligible amounts were recorded (caffeic acid from 0.002 to 0.02 mg/g, and astragalin from 0.01 to 0.05 mg/g).
Neochlorogenic acid, chlorogenic acid, rutin, hyperoside and isoquercitrin were identified in leaf and fruit samples of all Sorbus species, hybrids and varieties, and their contents were analyzed ( Figure 1 ). Separate statistical comparisons were performed for raw material of different plant parts (leaves and fruit).
Investigation of ethanol extracts of leaf and fruit of Sorbus plants revealed that the total content of identified phenolic compounds in leaf raw materials varied within a very wide range (up to 5 fold). The highest total content of identified compounds (35.74 mg/g) accumulated in S. commixta leaves and the lowest (7.18 mg/g) in S. simonkaiana leaves. In the fruits tested, the compounds ranged from 2.24 (S. semi-incisa fruit samples) to 11.19 mg/g (S. commixta fruit).
The content of neochlorogenic acid determined in leaf samples during our study (converted from mg/g, 0.11-1.15 %) is close to that determined by Olszewska et al., which ranged from 0.65 to 1.15% [31] , and from 0.03 to 1.10% in other species [27] . In leaf samples 0.74-2.75% [31] and 0.56-2.81% [27] of chlorogenic acid were recorded. In species and varieties that we have studied accumulation of chlorogenic acid was lower (0.27-2.19%). Contents of neochlorogenic acid and chlorogenic acid in fruit samples varied within wider ranges, compared with the literature data (neochlorogenic acid 0.27-0.32%, chlorogenic acid 0.23-0.64% [31] ). Content of neochlorogenic acid among the tested species and varieties differed up to 6 times (converted from mg/g, 0.09-0.54%), and of chlorogenic acid up to 12.5 times (0.06-0.75%). Total content of the quercetin glycosides in leaf samples ranged from 0.10 to 1.27% and is lower than that determined by Olszewska et al.
(0.62-1.58% [31] ). The amount of tested flavonol glycosides in fruit samples ranged from 0.01 to 0.19% and is close to that determined by Olszewska et al. (0.03-0.09 %) [31] . Statistically significant differences were revealed between the contents in leaves of neochlorogenic acid and chlorogenic acid (p<0.0007), neochlorogenic acid and rutin (p<0.0001), hyperoside (p<0.0001) and isoquercitrin (p<0.0007), as well as between chlorogenic acid and rutin, hyperoside and isoquercitrin (p<0.0001). In fruit samples statistically significant (p<0.0001) differences were determined between the contents of chlorogenic acid and rutin, hyperoside and isoquercitrin, as well as between contents of neochlorogenic acid and these flavonols. No statistically significant differences between contents of neochlorogenic acid and chlorogenic acid in fruit samples were found (p<0.68). Differences between flavonol contents in leaf (0.06<p<0.92) and fruit (0.05<p<0.86) samples were not statistically significant.
Statistical analysis revealed strong positive correlation between contents of isoquercitrin and hyperoside in leaves (Spearman correlation coefficient R=0.7402, p<0.001) and strong negative correlation between contents of chlorogenic acid and rutin (R=-0.7990, p<0.002). In fruit samples, strong positive correlation between contents of isoquercitrin and hyperoside (Spearman correlation coefficient R=0.84109, p<0.0001) was revealed. Contents of neochlorogenic acid and isoquercitrin in fruit samples were moderately positively correlated (R=0.5702, p<0.02). Correlations between other compounds were not statistically reliable.
After cluster analysis, leaf samples of the Sorbus plants were grouped into five clusters ( Figure 2) ; three clusters were formed of only species or only varieties, and the remaining two were formed of samples of both species and varieties (mixed clusters). Statistically significant differences were revealed between these five clusters (R=0.9343, p<0.0001).
Leaf samples of plants assigned to cluster I were distinguished by higher than the average content of chlorogenic acid and lower than the average contents of neochlorogenic acid and hyperoside. Leaf samples of cluster II were distinguished by higher than the average total contents of phenolic compounds and chlorogenic acid, and lower than the average content of rutin. In leaf samples of cluster III the highest contents of neochlorogenic acid were recorded. Contents of chlorogenic acid and isoquercitrin were lower than the average contents of these compounds. The determined total contents of the identified compounds were higher than the average. In leaf samples of cluster IV the lowest contents of chlorogenic acid were determined. The content of rutin in leaf samples of this cluster was higher than the average rutin content, and the contents of hyperoside were lower than the average hyperoside contents. Their leaves accumulated lower than the average total contents of the identified compounds. To cluster V only S. commixta was attributed; this was distinguished by the highest total content of the identified phenolic compounds. S. commixta leaves contained the highest contents of chlorogenic acid, hyperoside and isoquercitrin, and the lowest contents of neochlorogenic acid and rutin. Principal components analysis of phenolic compounds in leaves of the representative Sorbus taxa was performed. Three principal components, accounting for 88.6% of the total variance, were used for a detailed analysis. Content of chlorogenic acid (0.863) strongly positively correlated with the first component, accounting for 46.9% of the total variance. Rutin content strongly negatively (-0.921) correlated with this component. The second component, accounting for 21.4% of variance, strongly positively correlated with contents of hyperoside (0.811) and isoquercitrin (0.942). The third component, accounting for 20.3% variance, strongly positively (0.993) correlated with the content of neochlorogenic acid. Two clusters could be distinguished (Figure 3) . One of them comprised species and hybrids of Sorbus, the other of varieties. Species were characterized by a higher content of rutin and a lower content of chlorogenic acid. Contrary to this, in leaf samples of varieties, higher contents of chlorogenic acid and lower contents of rutin were determined. S. commixta could be distinguished among all species as its leaf samples contained high contents of chlorogenic acid and low contents of rutin.
After cluster analysis, fruit samples of the Sorbus taxa were grouped into five clusters ( Figure 4) ; one was exclusively from S. commixta, two were comprised exclusively of either species or only varieties, and the remaining two were mixed clusters, comprising fruit samples of both species and varieties. Statistically significant differences were revealed among these five clusters (R=0.9407, p<0.0001).
Fruits of plants ascribed to cluster I accumulated lower than the average contents of neochlorogenic acid, rutin, hyperoside and isoquercitrin. Cluster II comprised 4 species and 1 variety characterized by the lowest total contents of identified compounds in the fruit. In fruit samples of plants assigned to cluster II the contents of chlorogenic acid and hyperoside were lower than the average contents of these compounds. Fruit of plants assigned to cluster III accumulated higher than the average total contents of identified compounds and the highest contents of neochlorogenic acid. In fruit of plants of this cluster lower than average contents of chlorogenic acid and higher than average contents of isoquercitrin were determined. In fruits of plants of cluster IV higher than average contents of neochlorogenic acid, chlorogenic acid and isoquercitrin were accumulated. Their fruit accumulated higher than average total contents of identified compounds. To cluster V, only S. commixta was attributed; it was distinguished by the highest total content of the identified phenolic compounds. In S. commixta fruit samples the highest contents of chlorogenic acid, hyperoside, isoquercitrin and the lowest contents of rutin were accumulated. The content of neochlorogenic acid in fruit samples was below the average.
Principal components analysis of phenolic compounds in fruit of the representative Sorbus taxa was performed. Two principal components, accounting for 83.5% of the total data variance were used for a detailed analysis. Contents of chlorogenic acid (0.861), hyperoside (0.952) and isoquercitrin (0.749) strongly positively correlated with the first component, accounting for 46.1% of the total variance. The second component, accounting for 37.4% of the variance, strongly positively correlated with contents of neochlorogenic acid (0.880) and rutin (0.819), and moderately positively (0.597) with contents of isoquercitrin. Two clusters could be distinguished ( Figure 5 ). One of them comprised Sorbus species, the other varieties. Fruit samples of species were characterized by higher contents of neochlorogenic acid and rutin. In fruit samples of the varieties lower contents of these compounds were determined. Species were characterized by lower contents of chlorogenic acid. On the contrary, in fruit samples of varieties, contents of chlorogenic acid were higher. S. commixta was distinguished among the species as its fruit contained high contents of chlorogenic acid and low contents of neochlorogenic acid and rutin.
In conclusion, the HPLC analysis of leaf and fruit samples of the Sorbus taxa revealed that the phytochemical composition of the tested samples is very heterogeneous (contents of identified compounds differ up to 664 times). However, in S. semi-incisa leaf samples the contents of tested phenolic compounds differ by no more than 2.4 times, which may be important in finding raw plant materials of complex composition. Comparison of raw material of Sorbus species and varieties according to their quantitative composition of neochlorogenic acid, chlorogenic acid, rutin, hyperoside and isoquercitrin revealed an exceptional position for S. commixta leaf and fruit samples. They contain the highest contents of chlorogenic acid, hyperoside and isoquercitrin, but also the lowest contents of neochlorogenic acid and rutin. The highest contents of neochlorogenic acid were identified in S. lancifolia leaves, and those of rutin in S. anglica leaves. Leaves of these plants could be the source of raw plant material rich in these compounds, promising the acquisition of phytotherapeutic agents with specific effects.
